Abstract Needle-syringe programs (NSP) have been effective in reducing HIV and hepatitis C (HCV) infection among people who inject drugs (PWID). Achieving sustainable reductions in these blood-borne infections requires addressing structural factors so PWID can legally access NSP services. Systematic literature searches collected information on NSP coverage and changes in HIV or HCV infection prevalence or incidence at the population level. Included studies had to document biomarkers (HIV or HCV) coupled with structural-level NSP, defined by a minimum 50 % coverage of PWID and distribution of 10 or more needles/syringe per PWID per year. Fifteen studies reported structural-level NSP and changes in HIV or HCV infection prevalence/incidence. Nine reported decreases in HIV prevalence, six in HCV infection prevalence, and three reported decreases in HIV incidence. The results support NSP as a structural-level intervention to reduce population-level infection and implementation of NSP for prevention and treatment of HIV and HCV infection.
Introduction
Injection drug use is one of the most efficient modes of transmission of human immunodeficiency virus (HIV), hepatitis C (HCV), and other blood-borne diseases [1] . Through the multi-person use or ''sharing'' of injection equipment and drug supplies, people who inject drugs (PWID) represent a key high-risk group for blood-borne virus transmission. There are an estimated 16 million PWID worldwide, of which approximately 3 million are estimated to be HIV-positive [2] . PWID are also at high risk of HCV infection with prevalence among PWID as high as 90 % in some locations [3] .
NSP have been implemented in cities, regions and countries worldwide to address HIV and HCV infection among PWID. They have been shown to be beneficial in reducing risky injection behaviors and factors that influence virus transmission [4] . Sterile needles have also been made available through pharmacies for drug users to purchase at low or no cost [5, 6] .
Several countries have been distributing needles/syringes for decades, with positive outcomes among PWID. In New Zealand, needles/syringes have been distributed through over 170 community pharmacies, and were an important part of New Zealand's harm reduction response to problem drug use and the prevention of the spread of blood-borne viruses [7] . In Connecticut, because of the changes in law in 1992, that allowed for legal sales of needles/syringes in pharmacies without prescriptions, resulted in 90 % increase in needles/syringe sales [8] . In addition, syringe-sharing among PWID decreased significantly [9] . In Switzerland, adoption of NSP took place in the early 1990s, and studies reported that those PWID that began their injecting career during the era of NSP had 80 % lower HIV prevalence, HCV infection prevalence, and other blood-borne infections when compared to PWID who began injecting before NSP or during the period of NSP pilot programs [10] .
In addition to the country examples noted above, reviews examining NSP have shown promising results in terms of reductions in blood-borne infections and risky injection behaviors [4, 11] , predominately focused on small-scale or pilot NSP. Very few of the studies reviewed were conducted in locations where NSP have reached a population-level of needle/syringe coverage among PWID populations (defined operationally by availability of 10 or more needles/syringes per PWID per year coupled with coverage of at least 50 % of the PWID populations).
Achieving long-term and sustainable reduction in HIV and HCV infection requires addressing factors external to the individual PWID, such as laws and regulations, policies or other environmental adaptations that are focused at the larger population level. Interventions that address these external factors are considered structural. Structural interventions have been defined as prevention interventions that include physical, social, cultural, organizational, community, economic, legal and policy factors and promote or impede health by altering the structural context within which health is produced or reproduced [12, 13] . Structural interventions focus on contextual or environmental factors that influence risk behavior, rather than characteristics of individuals who engage in risk behaviors [13, 14] . Research has highlighted the role of structural factors that either facilitate behavior change or act as barriers to risk reduction [12] [13] [14] [15] , and directly or indirectly affect a person's ability to reduce the risk of acquiring infection or transmitting infection to others.
Provision of sterile injecting equipment to PWID may require changes in existing policy or paraphernalia laws so that syringes can be purchased at local pharmacies without prescription, drug users can legally possess needles and syringes, including those containing drug residues, and large scale public funding can be used to support NSP. Large-scale implementation of NSP either through changes in policy or use of public funds is structural in nature as these are external to the individual, and theoretically reach sufficient numbers of PWID within a community, such that decreases in morbidity and mortality can be achieved.
While other reviews have looked at access to sterile injecting equipment, most have focused on interventions that examined individual level outcomes, such as changes in individual risk behaviors [4, 16, 17] . The focus on individual-level outcomes highlights a number of biases and limitations in interpretation. First, there may be a strong self-selection effect for high-risk subjects to participate in NSP, making it difficult to compare them with injectors who do not participate in the programs. Second, simply because someone accesses a NSP does not mean that he or she is obtaining a sufficient supply of sterile syringes. This would be particularly likely if the exchange places limits on the numbers of syringes that can be exchanged per visit. Third, focusing on individuals ignores the possibility that a sufficiently large NSP may blur differences between participants in the NSP (who actually attend the program) and other injectors who do not personally attend the NSP but may directly or indirectly obtain supplies of sterile injection equipment from persons who do attend the program through secondary exchange [18] .
This review focuses on structural-level intervention studies that examined population-level changes in HIV and HCV infection prevalence and incidence in relation to interventions that attempt to change or modify the social, legal, economic, political or physical environments that shape or constrain injecting drug use behaviors by increasing the availability of sterile syringes and injection equipment to a level that allows for 10 or more syringes per PWID per year with at least 50 % of the PWID population covered by NSP services 1 [19] . For the purpose of this review, structural interventions are defined as those interventions where changes in policy and legal environment have facilitated an increased availability of sterile syringes which subsequently led to population-level changes in HIV and/or HCV prevalence and/or incidence. Although PWID are at high risk for hepatitis B virus (HBV) infection, we excluded HBV outcomes from our analysis because historically there is transmission of HBV at high levels perinatally in locations in Asia, so it would be difficult to link infection to injection in many of the positive persons. Additionally, since there is a vaccine for Hepatitis B, there could be an effect seen that is confounded by those who were vaccinated against HBV; if increases in rates of immunizations are seen, it could decrease the levels of 1 For locations in which study authors specified the number of PWID covered by the exchange, we used that percentage if greater than 50 % as rationale for a structural-level intervention (they also had to provide the number of syringes given). In cases that there was no coverage percentage given, we estimated coverage by taking the number of syringes distributed in the location (estimated or given outright by the author) divided by the number of PWID, and if that result was 10 or more syringes, we considered this to be a structurallevel intervention. Finally, in some of the studies, authors not only gave percent coverage, but additionally provided syringe numbers and the number of PWID in the particular location. In these instances, we were able to not only document an estimate number of syringes per PWID, but also give an explicit value for coverage. If we could not establish coverage through the author directly or through supplementary searching, the study was not included in the review as we could not determine the program as structural or not.
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Methods
We conducted a systematic search utilizing Cochrane collaboration methods [20] to identify evidence for structural-level interventions and changes in HIV and HCV infection among PWID. Studies included in the review had to document one of the following: increased access to sterile syringes through pharmacy sales, increased access through large scale NSP, or elimination of laws that prohibit possession of injection equipment. Additionally, there had to be documentation of NSP implementation on a public health scale, with coverage levels reaching at least 10 needles/syringes per PWID and at least 50 % coverage of the PWID population by the NSP. We excluded ''pilot program'' interventions that distribute fewer than 10 syringes per PWID per year 2 [21] .
Inclusion Criteria: Types of Studies A wide range of randomized and non-randomized study designs were eligible for inclusion in this review. These included before-after studies, case-control studies, cohort studies, randomized controlled trials, serial cross-sectional studies, and time series cross-sectional studies. Studies that were considered for inclusion had to contain a quantitative comparison of individuals or groups who received the intervention versus those who did not, or a comparison of individuals or groups before and after receiving the intervention.
Inclusion Criteria: Types of Participants, Intervention, and Outcomes
We included all adult communities (individuals over 18 years of age) of PWID in locations where NSP was in the process of being implemented or greatly expanded. The expansion may be preceded by laws or policies that allowed for legal needle/syringe distribution to at-risk drug users. In addition, we also included studies that documented changes in HIV and HCV infection in relation to expansion of needle/syringe distribution in pharmacy settings. PWID in the included studies were recruited from many different locations including street locations known to be gathering locations for PWID, drug treatment programs, NSP, and other treatment settings where PWID could be evaluated for HIV or HCV infection through serologic testing.
To be included in this review all studies had to utilize laboratory testing for HIV and/or HCV infection such as changes in HIV sero-incidence or sero-conversion, HCV sero-incidence or sero-conversion, HIV or HCV seroprevalence, or HIV/HCV co-infection. Those studies that had self-report measurements of blood-borne infection, or did not report outcome data in conjunction with the structural intervention or expansion of the structural intervention were excluded from the review.
Search Strategy
We formulated a comprehensive and exhaustive search strategy utilizing Cochrane collaboration methods [20] in an attempt to identify all relevant studies regardless of language or publication status (published, unpublished, in press and in progress) (Fig. 1) . The searches were performed without restrictions to setting and were limited to human studies published from January 1, 1980 through March 15, 2011.
We searched multiple databases including the Cochrane Central Register of Controlled Trials (CENTRAL), EM-BASE, Literatura Latino Americana e do Caribe em Ciências da Saúde (LILACS), PsycINFO, PubMed, and the Web of Science/Web of Social Science. In addition we searched the Aegis archive of HIV/AIDS conference abstracts [22] 
Data Extraction and Management
Data were abstracted independently by four reviewers using a pre-designed, standardized data abstraction form. The reviewers were not blinded to the names of the trial investigators, their institutions or journals of publication. The data abstraction form included information on study, report author(s), year of publication, year in which study was conducted, details of other relevant papers cited, study design, description of intervention and comparison group, country/location of study, sample size, demographics of the study sample, details of outcomes, and study authors' conclusions.
The team members reviewed and compared extracted data. Differences in data extraction or interpretation of studies were resolved by discussion and consensus, with input from a third member of the review team when necessary, and were discussed on conference calls, as noted below in the ''Selection of Studies'' section. The final version of the coded data for each study was then entered into Microsoft Excel to facilitate comparisons across studies.
Assessment of Risk of Bias in Included Studies
We used the Cochrane Collaboration's tool for assessing risk of bias for individual studies [20] . The tool assesses bias across six categories: sequence generation, allocation concealment, blinding of study participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting, and other sources of bias. As none of our included studies were randomized controlled trials (as it would be unethical to withhold NSP from PWID, given previous research), the categories for randomization and blinding usually were not applicable.
Study Rigor
We assessed study rigor on a 9-point scale, with minimum score (low rigor) of 1 and maximum score (high rigor) of 9. Studies received one point for meeting each of the following criteria:
• Study design includes pre/post intervention data • Study design includes control or comparison group This scale was based on the 8-point rigor assessment scale for systematic reviews of HIV behavioral interventions designed by the Johns Hopkins WHO Synthesizing Intervention Effectiveness Project [23, 24] , with an additional item on control for potential confounders.
Data Analysis
Abstracts of all studies identified by electronic or bibliographic scanning were examined by four reviewers who worked independently to assess eligibility for inclusion. When necessary, the full text was obtained to determine eligibility. These four reviewers independently conducted the selection of potentially relevant studies by scanning the titles, abstracts, and descriptor terms of all downloaded material from the electronic searches. Ineligible reports were discarded, and the full article was obtained for all potentially relevant reports. The four reviewers independently applied the inclusion criteria with a fifth reviewer acting as arbiter where there was disagreement. Studies were reviewed for eligibility, based on study design, types of participants, coverage and outcomes measures. For studies in which additional information was needed for inclusion in the review, attempts to contact study authors for further clarification of data were made. Sixty-two fulltext articles were closely examined by four reviewers and discussed at length among all reviewers through regular conference call meetings. Interventions addressing HCV infection were identified and presented in conjunction with HIV data; additionally, measurements documenting biomarker changes in co-infection with HIV and HCV over time are also presented in this review, if reported by study authors.
Results

Selection of Studies
Searches were conducted on March 15, 2011, and produced 1,831 references; 347 duplicates were removed (Fig. 2) .
After initial exclusion of 193 titles, 1,291 titles and abstracts were selected for further review by four reviewers.
Results of the Search
After removing duplicates and ineligible citations, 15 studies met the inclusion criteria based on documentation of sufficient NSP coverage of the injecting population, and reliable biomarker information during the period of NSP implementation or scaling-up in a respective location. These 15 studies described ten distinct NSP interventions. If multiple locations in the same state or country were examined, the data were presented by location and by year where appropriate. Included studies cover locations in Australia, Canada, China, France, Ireland, Spain, United Kingdom, United States and Vietnam.
Included Studies
Among the studies included in this review, five studies were conducted in Europe [25] [26] [27] [28] [29] , two in South East Asia [30, 31] , five in the United States [32] [33] [34] [35] [36] , two in Canada [37, 38] and one in Australia [39] . As there were a small number of studies eligible for inclusion in this review, we chose to describe each study in a narrative review format.
Risk of Bias in Included Studies
All studies were non-randomized before-after comparisons or interrupted time series surveys. The populations addressed in all studies were recruited from their respective communities using different sampling strategies including convenience and systematic sampling of PWID in the respective NSP locations. Six studies showed evidence of participation bias [25, 26, 28, 30, 31, 34] , while six studies showed evidence of recruitment bias [25, 26, 28, [32] [33] [34] . Three studies did not sufficiently describe follow up results [29, 34, 39] .
Description of Studies
The following studies were included in this review: Goldberg et al. [25, 26] , Smyth et al. [27] , Des Jarlais et al. [32] [33] [34] [35] [36] , Hope et al. [28] , Hammett et al. [30] , Des Jarlais et al. [31] , Ramirez-Jonville [29] , Kerr et al. [37] , Bruneau et al. [38] and Topp et al. [39] .
Below we describe the ten distinct interventions collected in our literature search. Several studies described the same intervention; therefore, while we included 15 different studies in this review, the studies come from ten distinct NSP interventions. In locations where multiple studies describe the same intervention, we chose to describe the most complete intervention study with the longest period of follow-up and the most comprehensive review of biomarker information including effect modifiers, adjustment for confounders, and other important quantitative measures. Table 1 describes each intervention, coverage levels for each NSP location, and changes in HIV or HCV prevalence/incidence. In cases where a study reported biomarker changes for separate locations, we recorded these separately in the table; additionally, we separated biomarker information from each of the ten interventions in Table 1 , recording results for HIV prevalence, HIV incidence, HCV Prevalence and HCV incidence separately. A total of 26 different biomarker outcomes were documented from these ten distinct interventions reported in fifteen studies.
Goldberg (Glasgow, Scotland) [25, 26] Goldberg et al. [25, 26] were coded in conjunction with each other as both studies were by the same author, but collected data for different time periods of NSP. These programs were significantly scaled-up between 1988 and 1992. In Glasgow, the intervention was successful in distributing syringes, starting with 2,600 in 1988, increasing to over 300,000 by 1997. In Goldberg et al. [25] , PWID were separated into groups, one group that had received testing for HCV prior to full implementation of NSP (1988) and the other group had HCV testing after full implementation of NSP. Of the 295 PWID who were tested in 1990, the prevalence of HCV infection was 90 %, while in 1995, among the 370 PWID tested, 77 % were positive for HCV infection (p \ 0.001). Goldberg et al. [26] extended Goldberg et al. [25] to include prevalence measures from 1996 to 1997. Among the 312 PWID tested in 1996, HCV infection prevalence had increased slightly from 1995 to 80 %, but in 1997, among the 317 samples tested, HCV infection prevalence had decreased to 68 %, for a net reduction in HCV infection prevalence of 12 % between 1996 and 1997 (p \ 0.001) and a reduction of 22 % between 1990 and 1997 (p \ 0.001). PWID less than 25 years of age had a more significant reduction in HCV infection prevalence during the study period (48 % reduction, p \ 0.001) compared to those that were older than or equal to 25 years of age (9 % reduction, p = 0.06).
Smyth (Dublin, Ireland) [27]
Smyth et al. [27] examined PWID in Dublin, Ireland who began their injecting careers before and after large-scale NSP, to estimate the effect NSP services had on HCV infection prevalence among PWID in the city. PWID were recruited from Trinity Court, an organization that specifically addresses the needs of drug users in the Dublin area and provides HIV and HCV testing and counseling, methadone maintenance treatment, drug detoxification services, needle and syringe distribution, and health care related to infections associated with injection and substance use. Since 1992, any PWID who presented at Trinity Court for treatment has been tested for HCV infection; the data presented in the Smyth article incorporates all PWID who were tested at Trinity court between July 1, 1993 and December 31, 1996. The PWID in the sample were typically older (52.4 % greater than 21 years of age), unemployed (90 %) and male (68.3 %). Approximately 77.6 % identified heroin as their injection drug of choice.
PWID in the study were divided into two groups. The first group was comprised of 172 PWID who began their injecting career prior to January 1, 1994, prior to full NSP establishment. The second group comprised 181 PWID who began injecting after January 1, 1994 when NSP had been fully scaled-up and established in Dublin. Among PWID who began injecting prior to NSP, the prevalence of HCV infection was 64.5 %. PWID who began their injection careers after January 1, 1994 had a HCV infection prevalence of 40.3 %, indicating a 24.2 % decrease in overall HCV infection prevalence between pre and post-NSPPWID (p \ 0.001). The adjusted odds ratio for HCV infection among the post-NSPPWID compared to pre-NSPP-WID was 0.43 after controlling for demographic and other behavioral risk factors including length of injecting career and type of drug injected (p \ 0.001).
Des Jarlais (New York City, USA) [32] [33] [34] [35] [36] NSPs were implemented and expanded significantly in New York City during the early 1990s, with syringe distribution increasing from less than 250,000 in 1990 to over 3,000,000 annually by 2001. Coverage for PWID, including secondary exchange, was above 50 %. Five separate but coordinated studies were conducted at the Beth Israel Detoxification Clinics in New York City, to assess changes in HIV incidence, HIV prevalence, HCV infection prevalence, and HCV/HIV co-infection prevalence among PWID entering treatment during the era of NSP implementation [32] [33] [34] [35] [36] . PWID were enrolled in the studies if they entered the detoxification units at Beth Israel Medical Center and agreed to serologic testing for HIV or HCV infection. Studies conducted examined prevalence and incidence prior to and after full NSP implementation and expansion in New York City.
Although there were five studies that evaluated the NSP program, we report on the two most complete analyses of changes in HCV infection or HIV among PWID in New York City.
Des Jarlais et al. [32] Among the 72 PWID recruited into the study that had entered detoxification between 1990 and 1991, HCV infection prevalence was 91 %, and among those PWID who entered detoxification between 2000 and 2001, when NSP was fully implemented, HCV infection prevalence was 62 %, indicating a 29 % decrease (p = 0.034). Among PWID identified as HIV negative, HCV infection prevalence decreased from 80 to 59 % over the study period (p \ 0.034); those PWID that were HIV positive documented a decrease in HCV infection prevalence from 100 to 82 % (p \ 0.0016). Co-infection with HIV and HCV was also measured as part of the study, and among all PWID, weighted prevalence of HIV/HCV co-infection decreased from 53 to 13 % (p \ 0.01).
Hope (England and Wales, United Kingdom) [28] In 1986, England and Wales began to put NSP in place, in response to the elevated levels of HIV infections in Scotland; services were significantly expanded between 1987 and 1997. The intervention in England and Wales included policy changes in 1986 that led to increased funding coupled with pilot NSP locations in 1987. The number of syringes distributed to PWID reached over 25 million in 1997. Coverage of syringes for PWID included 12 syringes for every PWID per month in England and Wales.
Hope et al. [28] examined changes in the HIV prevalence in the community of England and Wales, during NSP expansion and after full NSP implementation. PWID were recruited from multiple locations throughout England and Wales, beginning with recruitment in London from community settings and harm reduction centers between 1990 and 1993, and again in 1996. In 1997-1998, seven other cities in England were included, and by 2001-2002 recruitment had expanded to include the city of Brighton as well. Locally based fieldworkers from health departments and non-government organizations recruited most of the PWID in the study, and recruitment sites included street locations, social venues, participant homes and NSP. A total of 27,932 PWID were recruited and included in the study; over 25 % of the PWID were from London.
Over the course of data collection, HIV prevalence in England and Wales decreased from 5.92 % in 1990 to 1.37 % in 2003 (p \ 0.001). Significant declines in HIV prevalence were documented between 1990 and 1996 in the study; HIV prevalence during this period decreased from 5.9 to 0.6 % (p \ 0.001). When PWID were stratified by length of injecting career during this same time period, all samples documented decreases in HIV prevalence. Among those injecting 3 years or less, HIV prevalence decreased from 5 to 0.2 %; PWID who had been injecting between 3 and 5 years documented a decrease in HIV prevalence from 3.1 to 0.4 %; PWID who had been injecting between 6 and 12 years documented a decrease in HIV prevalence from 7.4 to 0.2 %; PWID who had been injecting for more than 12 years documented a decrease in HIV prevalence from 9.5 to 1.5 %. All decreases in HIV prevalence by years of injecting were statistically significant (p \ 0.05).
There were no statistically different changes in HIV prevalence when stratified by sex (p = 0.321), but there was a correlation between HIV infection and length of injecting career. HIV prevalence increased from 0.68 % among those with injecting careers of 0-2 years to 3.22 % among those injecting for greater than 15 years (p \ 0.001). When stratified by recruitment location, those recruited at harm reduction centers registered lower HIV prevalence (1.02 %) compared to those recruited from the community (5.9 %) (p \ 0.001) [28] .
Hammett and Des Jarlais (Ning Ming, China and Lang Son, Vietnam) [30, 31] This intervention took place in the cross-border region of Lang Son Province, Vietnam and Ning Ming County, located in the Guangxi province in China. The intervention in these locations involved packaged harm reduction services, including a pharmacy based voucher program for acquiring clean syringes along with clean injecting equipment and condoms. On average, 10,000 to 15,000 syringes were distributed to PWID per month in each location, serving a population of approximately 3,000 PWID. Two studies reported on changes in HIV prevalence over time in these locations [30, 31] ; this review includes the longer, more complete analysis from Des Jarlais et al. [31] .
Des Jarlais et al. [31] involved a series of cross-sectional measurements of HIV prevalence and incidence among PWID with measurements taken at baseline, 6, 12, 18, 24, and 36 months after implementation of packaged harm reduction services. Thousand three hundred and seventynine current and 457 new PWID (defined as those that had first injected within 3 years of their current age) were included in the China sample; 1,102 current and 416 new PWID were included in the Vietnam sample. Among the PWID in Ning Ming China, HIV prevalence decreased from 17 % at baseline to 14 % after 36 months, for a total HIV reduction of 3 % (p \ NS). Among Lang Son Vietnam PWID, HIV prevalence decreased from 41 % at baseline to 27 % after 36 months, for a total HIV reduction of 14 % (p \ 0.001).
When examining only new PWID, the HIV prevalence in Ning Ming decreased from 16 % at baseline to 0 % after 36 months and HIV incidence decreased from 11/100 PY at baseline to 0/100 PY after 36 months (p \ 0.0093). Among new PWID in Lang Son, the HIV prevalence decreased from 31 % at baseline to 5 % after 36 months and HIV incidence decreased from 20/100PY at baseline to 4/100PY after 36 months (p \ 0.0002).
Ramirez-Jonville (France) [29] NSP programs in France began in the early 1990s, preceded by pharmacy distribution throughout the country. The number of syringes distributed through NSP and pharmacies during the 1990s increased from 14.7 million in 1996 to 17.7 million in 1999. At the same time of increased syringe distribution, buprenorphine was also being implemented as a treatment option for PWID. Ramirez-Jonville [29] examined PWID recruited from multiple settings between 1993 and 2002, including street locations where drug users congregate, drug treatment centers and other drug clinics. This period of analysis coincides with the expansion and significant increases in needle/syringe distribution that began in the early 1990s and extended through to 1999, when large-scale NSP occurred. Among the PWID in France, HIV prevalence decreased from 23 % in 1994 to 14 % in 2002, for a 9 % decrease over the study period. Examining HCV infection prevalence over time, there was an increase from 51 % in 1993 to 73 % in 2002, for a total increase of 22 % over the study period.
Ramirez-Jonville (Spain) [29] The intervention in Spain began in 1990, with significant NSP expansion between 1996 and 2002; during this time period the NSP locations increased from 401 to over 1,400. At the same time, syringe distribution increased from 1.9 million in 1996 to over 6.2 million by 2002. Along with expanded NSP services, methadone maintenance was also expanded in Spain. Ramirez-Jonville [29] examined PWID recruited from multiple settings between 1993 and 2002, including street locations where drug users congregate, drug treatment centers and other drug clinics. Among the PWID in Spain, HIV prevalence decreased from 38 % in 1996 to 33 % in 2002, for a 5 % decrease over the study period. Examining HCV infection prevalence over time, there was an increase from 65 % in 1993 to 89 % in 2002, for a total increase of 24 % over the study period.
Kerr (Vancouver, Canada) [37] The intervention in Vancouver, Canada was preceded by changes in policy that allowed for PWID to acquire an unlimited number of syringes from NSP, instead of having to exchange syringes on a one for one basis; this policy Kerr et al. [37] examined PWID recruited between 1998 and 2003 through street based and peer based recruitment strategies; a total of 1,229 PWID were surveyed during the study period. Multivariate general estimation (GEE) found that PWID who were part of the sample after 2001 were independently associated with reduction in overall HIV incidence [Adjusted hazard ratio (AHR) = 0.13, 95 % confidence interval: 0.06, 0.31].
Bruneau (Montréal, Canada) [38] Montreal implemented NSP in 1989, with supplemental distribution of syringes occurring in pharmacy outlets in the early 1990s. By 2005 there were 11 operating NSP in the city serving a population of approximately 12,000 PWID. In 1999, there were 340,000 syringes distributed in the city; by 2007, the city was distributing nearly 800,000 syringes annually. Originally the NSP focused on a distribution limit of 15 syringes per day with a 1 for 1 exchange rate; however, in 1996, this was changed to allow for unlimited distribution and exchanging of syringes at the NSP.
Bruneau et al. [38] Over the course of the study period, the incidence of HIV among PWID decreased from 3.5 infections per 100 PY in 1992 to 1.8 infections per 100 PY in 2008, for a reduction of 1.7 new HIV infections per 100 PY over the course of the study period. After controlling for confounders including sexual behaviors and prostitution, females were 0.52 times more likely to become infected with HIV than males (95 % CI: 0.29-0.95).
Topp (Australia) [39] The intervention in Australia was implemented in 1986 with the Australian federal government authorizing the establishment of NSP. By 2008 there were 52 NSP available throughout Australia, serving a population of approximately 300,000 PWID, and distributing on average 213 clean syringes per injector per year. Topp et al. [39] examined changes in HIV prevalence among PWID visiting NSP throughout Australia during the period of expanding NSP centers during the early 1990s. PWID were recruited between 1995 and 2009 and were eligible for inclusion if they visited the NSP during the month of October when the survey took place every year. A total of 22,478 PWID were included in the study and had sufficient blood samples for HIV testing. PWID recruited into the study were predominantly male (66 %), heterosexual (85 %), and of younger age (median age: 30 years old). The average injecting career of PWID was 10 years. The prevalence of HIV during this period of increasing NSP access decreased from 1.7 % in 1995 to 1.1 % in 2009, for a total decrease of 0.6 % (p = 0.025). HIV positive PWID were more likely to be male (85 %), above 30 years of age (74 %) and less likely to inject daily (60 %). Additionally, compared to PWID recruited in 1995, PWID recruited between 2007 and 2009 were 0.58 times a likely to be HIV infected (p \ 0.05).
Discussion
Using a comprehensive search strategy that included both published and unpublished studies, the review focused on structural-level intervention studies that assessed population-level changes in HIV or HCV infection prevalence and incidence among PWID. The studies included interventions that evaluated changes in policies, laws and regulations in relation to access and availability of sterile injecting equipment, use of public funds for establishing structural level large-scale syringe access programs (NSP), and distribution of sterile equipment at the population level, with a ''coverage'' of more than 10 or more syringes distributed per PWID per year to at least 50 % of the injecting population in the larger community.
The findings highlight the fact that significant public health benefits can be obtained even when at least 50 % of the injecting population in a community receive at least 10 or more sterile syringes per year. The findings also indicate the importance of establishing structural-level large-scale syringe access programs for HIV prevention, especially early in an epidemic among PWID [41] . It is important to acknowledge that as PWIDs in most countries tend to be neglected, there is a paucity of research focusing on impact of structural interventions on HIV and HCV prevalence and incidence.
Quality of the Evidence
Our review identified a moderate number of intervention studies that focused on population-level outcomes of HIV or HCV infection. The reasons for this limited number stems from the lack of structural-level studies, our definition of the concept, and their effect on population-level changes in HIV or HCV infection incidence/prevalence. The studies included in this review can be categorized into two groups based on study designs: before/after comparisons designs [25-27, 32, 34-37] , and time-series crosssectional designs [28, 30, 31, 33, 38, 39] . Although there are other study designs utilized in NSP reports including case-control studies, prospective or retrospective cohort studies and randomized controlled trials, none of the studies included in this review utilized these types of designs.
There are multiple measures of ''coverage'' of needle/ syringe programs, including the percentage of PWID in the local population who utilize the programs (including both direct participation and indirect participation through ''secondary exchange,'' the numbers of syringes exchanged per PWID per year in the local population), and the number of syringes exchanged per year compared to the estimated number of injections per year in the local population. However, our review does not permit determining which of these is the ''best'' measure of coverage, but does indicate that any coverage measure should include the number of syringes distributed and the number of PWID in the local population.
Implications for Further Research
While the results reported here support the emphasis of UNAIDS on national-level comprehensive HIV prevention, care and treatment [42] , there is clearly a need for further evidence from low-and middle-income countries, especially those with high levels of HIV/HCV infection among PWID [43] . New research studies conducted in low-and middle-income countries need to include data on structurallevel NSP coverage and assess biological outcomes at the population level. Additional reductions in residual prevalence or incidence will depend on expansion of structural level NSP, other interventions, or a combination of interventions.
There is also a need to assess population-level changes in association with programs exclusively focused on pharmacy sale of sterile syringes; only studies with pharmacy sales in conjunction with NSP were included in this review. As antiretroviral therapy for HIV can extend lives of HIV-infected PWID and potentially reduce transmission of HIV, implications of ART effects on population-level changes in HIV should address access to and adherence of PWID to ART. There are new antiretroviral medications for HCV infection that have shown promising sustained viral response (SVR) rates of nearly 90 % [44] . Studies also need to address access to, adherence to, and implications of using medications for HCV infection on population-level changes in HCV infection. Because the effect depends on availability and adoption of treatment for HIV and HCV infection, future studies should assess outcomes associated with behavioral, biomedical, and structural interventions.
It will also be important for future research studies to report the numbers of syringes distributed per PWID in the area. As the effectiveness of structural-level needle/syringe programs is likely to be a direct function of needles and syringes made available to PWID, this information is critical. Many of the research reports we examined did not include this information. Future research should also look into effects of pharmacy access to sterile-syringes on HIV/ HCV prevalence and incidence. In some low and middleincome countries sterile syringes may be bought from the pharmacy without prescription. Studies may need to be conducted to assess the effects of pharmacy sales in lowand middle-income countries.
Limitations and Implications for Policy
There were several limitations to this review that are worth noting. Our definition of structural-level interventions excluded those that distributed less than 10 needles/syringes/ PWID/year or did not provide data on the numbers of syringes distributed per PWID. In practice, however, coverage levels in many locations have not only reached, but far exceeded the eligibility criteria specified in this review [45] . As PWID in many locations may remain hidden, it can sometimes be difficult to measure the number in a particular location, thus making syringe coverage estimates difficult, even if the number of syringes distributed is known for a particular area.
We were not able to document any primary studies with an RCT design. Although RCTs are seen as the ''gold standard'' for research, it would be unethical to conduct this type of trial among NSP participants, given the positive results already documented with respect to NSP programs throughout the world [4] . We were also not able to locate any studies that utilized a retrospective cohort or case-control study designs.
Due to the limited number of studies in this review coupled with the wide variation of outcome measures reported, we chose a narrative review of the structural-level NSP. We did, however, report quantitative data for each study, and noted statistically significant changes in biomarkers over time when reported by the author.
Finally, as the effect sizes reported were conducted over a long period of time, there may have been confounding variables not captured in this review, such as implementation of opioid substitution therapy (OST) or anti-retroviral therapy (ART). The effect of structural-level NSP extends to both those who use the services as well as those who receive sterile injection equipment from their peers who visit the structural-level NSP, referred to as ''secondary exchange.'' Reducing the risk behaviors of PWID who visit structural level NSP can have a partial ''herd immunity'' effect that can protect the local PWID population as a whole. Thus, structural-level NSP can be considered population-level interventions and their effect can be best measured by study designs that allow for assessing changes in HIV and HCV infections at the population level. Although there are multiple study designs available for conducting analysis of NSP programs, the designs used in the studies covered by this review (non-randomized beforeafter comparisons or interrupted time series surveys) allowed for assessments of the NSP programs evaluated.
The studies included in this review are heterogeneous in terms of location, structural-level NSP components, level of implementation, level/extent of coverage, the presence of other HIV prevention programs in the community, and study design. The structural-level NSP employ different implementation strategies and operational procedures. This diversity adds strength because all the studies show population-level changes in HIV and HCV prevalence or incidence, and this experience can be important for locations that are currently experiencing HIV or HCV infection epidemics among their PWID populations. The results of this review indicate that large-scale NSP as a structurallevel intervention can reduce population-level HIV and HCV infections. Policy makers can consider the potential benefits of implementing structural-level NSP in locations with high HIV and HCV infection prevalence as an important part of a comprehensive strategy to prevent and control HIV and HCV infections.
